The land use and land cover provide essential information for modelling and understanding many Earth phenomena. Regional LULC changes are necessary because it can enhance understanding of the complex interactions between human activities and global climatic change. The research work demonstrates the effectiveness of the normalised difference vegetation index, normalised difference built-up index and normalised difference water index images to map the LULC classes in the Doddahalla watershed. These indices compress the satellite images and are easy to handle the data in an efficient manner. Cloud-free three decadal multispectral images from the Landsat satellite series for the year 1994-1995, 2000-2001 and 2014-2015 for all the major seasons are processed for evaluating the LULC changes in the drought-prone and water-scarce watershed. Survey of India toposheet and high-resolution satellite images from Google Earth are used for the preparation and update the land cover changes. Fourteen LULC classes are mapped up to level III classification system. The classified images are found to be consistent with the original colour composite image. The field verification of classified classes has assessed the accuracy with ground truth points collected across the study area with a representative of the individual land use classes. The classified image has been cross validated with a land use classification image obtained from NRSC (level I classified image from AWiFS acquired on March 8, 2008). The major changes are seen in the cropland, fallow land, forest land, water bodies and built-up land. The fallow lands are converted into built-up land due to the increase in the population density and process of urbanisation.
Introduction
The land use and land cover provide essential information for modelling and understanding many Earth surface phenomena [11, 13] . Regional mapping of land use and land cover (LULC) changes is important, because it provides input data for environmental models dealing with climate change and hydrologic and atmospheric models [2, 7, 12] . Identification and assessment of spatio-temporal changes in LULC can also be important to study and draw the complex interactions between human activities with the environment, carbon cycles, sustainable development policies, spatial planning and environmental disaster risk assessment [4, 15] . Information on existing land cover is a major application in watershed management and agricultural productivity. The land cover changes derived from multiple interconnecting drivers include the climate, ecosystem health and social necessities [9] . Land cover is the assemblage of biotic and abiotic components of the Earth system, and land use is the area utilised by human activities. Vegetation is an important basis of livelihood for populations living especially in drylands. They depend on it for food, fuel wood and pasture for their livestock [20] . Certain communities also use it as a source of income through the sale of timber, charcoal and special products like medicine. Apart from serving the people, dry land vegetation also plays a major role in many environmental processes [20, 21] .
The green leaves efficiently scatter light due to the high contrast in the index of refraction between the water-rich cell contents and the intercellular air spaces. Vegetation appears very dark in the visible region of the spectrum (400-700 nm) especially because of the high absorption of red radiation by chlorophyll pigments which are present in healthy leaves. There is a slight rise in reflectivity around 550 nm because of least absorption from the plant pigments. The plants appear bright in the spectral region from 700 to 1300 nm (infrared red region) because of the successive reflectance from the plant leaves pigments. Due to the result of the massive absorption by the leaf water content (cellulose and lignin) in the spectral region from 1300 to 2500 nm, vegetation appears relatively very dark [14] .
Remote sensing data has proved as a valuable and efficient tool for monitoring vegetation and its changes. It provides extensive, precise, impartial and accessible information regarding the spatial variability of the land surface [11, 23] . Landsat satellite products are globally familiar and widely used for various Earth resource mapping and prospecting especially including the LULC classification [20] .s After the withdrawal of Landsat 5 and the Landsat 7 images with scan line corrector failure [24] , the Landsat 8 has brought the continuity to the Landsat mission [11, 16] . The Landsat 8 orbits the earth every 99 min, covering the entire earth in 16 days and follows a sun-synchronous orbit at an altitude of 705 km with an inclination of 98.2°. The Landsat 8 sensors have an Operational Land Imager (OLI) with nine bands, including the highresolution panchromatic band and a Thermal Infrared Sensor (TIRS) with two thermal bands [11] . The present research work demonstrates the effectiveness of the different indices, namely normalised difference vegetation index (NDVI), normalised difference built-up index (NDBI) and normalised difference water index (NDWI) to extract and map the individual LULC classes in the Doddahalla watershed. One of the major advantages of these indices is to compress the composite and multilayered satellite images to a single-layered image with fractional value which gives the clue and significance present of different LULC features. The final classified map is beneficial for decision-making in the land use evaluation and planning. Similar LULC map of the same area with different temporal scale will illustrate the exhibit of change pattern in the feature over due course. To map and identify the individual LULC class, each class and its spectral property in the satellite image are needed for the study prior to the classification.
Major Cropping Seasons

Kharif Crop
These are the cropping season extending from June/July to September/October. The season coincides with the onset of south-west monsoon rain. It associates with rain-fed crops under dryland farming, limited or no irrigation and areas of rain-fed paddy and other dry crops. More than 60% of the croplands in the Doddahalla watershed are falling in the Kharif season [19] .
Rabi Crop
These are the cropping season extending between November/December and February/March usually associated with areas under certain of the source of irrigation. Rabi-cropped areas also occur in rain-fed regions associated with fertile black soil areas that are reserved fallow during Kharif season [19] . Black clay soil region in the central part of the Doddahalla watershed is cropping during the Rabi season [3, 8] .
Zaid Crop
These are the areas cropped during the summer months which usually associated with irrigated areas with fertile soils, generally confined to fertile flood plains and river delta areas.
Double Crop/Area Sown more than once
These are the areas cropped two or more seasons in a year. They are often seen associated with irrigated areas usually under command region [19] . The source of the irrigation is generally from the reservoir and perennial lake/tank.
Land Use and Land Cover Classes
Land cover defined as observed physical features on the Earth's surface, and with an economic function, it becomes land use [19] . A well-designed LULC classification is processed to facilitate a proper assessment and sustainable management of all the LULC classes in the upstream and downstream area in the Doddahalla watershed. All the agricultural seasons in particular are included in the classification scheme for extracting information on existing land use/land cover classes at regular time intervals.
Built-up Land
The built-up land includes all the area of human occupancy having the presence of buildings (houses and complexes), transportation network, communication and utilities other than the natural vegetation and agriculture. Built-up land again further classified as urban and rural with respect to the density of the human habitation and the construction structures or developments.
Urban
Urban areas are non-linear built-up areas surrounded by impervious structures. These are the centres of business and usually occur in combination with vegetated areas connected to buildings with a regular pattern including residential areas, recreational places and utilities, transportation and communications and commercial and industrial zones.
Rural
The land used for human settlement comparatively less than the urban settlements of which the majority of the population is involved in the primary activity of agriculture and noncommercial activities. They can be seen in clusters/non-contiguous or scattered [19] .
Agriculture Land
These are the lands used for farming, cultivating and for the production of food, fibre and other commercial and horticultural crops. It consists of the following classes.
Cropland
The land area with the cultivation of certain crop during the time of satellite overpass or time of the image acquisition, cropped areas appear in bright red in colour with varying shape and size in a contiguous to the non-contiguous pattern in the image. Cropland spreads in different terrains that include Kharif, Rabi and Zaid croplands.
Plantations
These are the zones of agricultural tree crops planted adopting certain agricultural management techniques. Depending on the location, they exhibit a dispersed or continuous pattern. It includes plantation like tea, coffee, rubber and horticultural plantation like coconut, areca nut, citrus fruits, other fruits and vegetable gardens.
Fallow
These are the lands which are taken up for cultivation but are temporarily allowed to rest, un-cropped for one or more season, but not less than 1 year.
Wastelands
Wastelands are the lands which are deteriorating for the lack of water and proper soil management or on account of natural causes. Through reasonable effort and certain agricultural management techniques, these lands can be made into the cultivatable land.
Salt-Affected Land
Salt-affected land characterised as land that has excess salt in the soils with the patchy growth of grasses.
Land Without Scrub
This is a land which is prone to deterioration due to erosion and holds scanty vegetation, or devoid of scrub.
Barren Land/Rock Outcrops
Land with rock exposures of varying lithology often termed barren and are devoid of soil and vegetation cover.
Water Bodies
These are the areas with surface water in the form of tanks, lakes, reservoirs or flowing as streams, rivers and canals.
Forest
The land with a tree canopy cover of more than 10% and an area of more than 0.5 ha is termed as forests [5] . The trees should be able to reach a minimum height of 5 m [19] . The major forest classes seen in the area are described as follows.
Moist Deciduous Forest
These are the forest types that are predominantly composed of species, which shed their leaves once a year, especially during summer [5] . It also includes tree clad area with tree cover lying outside the notified forest boundaries that are herbaceous with a woody appearance (e.g. bamboos, palms, tree ferns).
Degraded Forest
Degraded forest delivers a reduced supply of goods and services and maintains only limited biological diversity; the structure, function, species composition or productivity normally associated with a natural forest type is expected on that site [10] .
Scrub Forest
These are the forest areas where the crown density is less than 10% of the canopy cover, generally seen at the fringes of dense forest cover and settlements, where there is biotic and abiotic interference. Most times they are located closer to habitations. Figs1, 2 and 3) . The details of the satellite, sensor, band, wavelength and date of images are given in Table 1 . All the data are georectified and projected to GCS WGS 1984 UTM zone 43 N for the easy handle in GIS environment. Satellite data are enhanced and processed using ERDAS Imagine for the better visualisation and improving the digital image quality. Each spectral band of Landsat data are converted to radiance and then to reflectance to minimise the spectral and sensor noise induced during the image acquisition. The digital image processing and visual interpretation techniques are used to extract the information from the Landsat images. Survey of India (SOI) toposheet numbers 57 B/7, 57 B/8, 57 B/11, 57 B/12, 57 B/15 and 57 B/16 and high-resolution satellite images from Google Earth are used for the preparation and update the land cover changes to the classified maps. Fourteen LULC classes are mapped up to level III classification system from the final incorporation of each indices map. The classified images are found to be consistent with the original colour composite image in the Google Earth images. The field verification of classified classes has assessed the accuracy with ground truth points collected across the study area with a representative of the individual land use classes. The detailed flow chart of the methodology followed to extract the LULC classes of the Doddahalla watershed is shown in Fig. 4 . In the present study, three indices have been selected to analyse the major land use/land cover classes.
Methods and Methodology
Normalised Difference Vegetation Index
Normalised difference vegetation index (NDVI) is the most commonly used vegetation index to estimate plant biomass [9, 18, 22, 23] . It uses the red and near-infrared spectral regions to represent plant pigmentation and chlorophyll content, respectively, in the characterisation of landcover conditions [25] . Temporal NDVI data is an effective indicator of the vegetation phenological characteristics regarding seasonal changes in plants growth and activity [1] . The temporal NDVI (Eq. 1) images from the seasonal images of Landsat satellite for the year 1994, 2000 and 2014 are used to study the vegetation characteristics and to map the distribution of the vegetation in the Doddahalla watershed (Figs. 1, 2 and 3) . The NDVI values range from − 1 to + 1. NDVI values for vegetated land areas in Doddahalla watershed range approximately from 0.1 to 0.7, the values greater than 0.5 indicate dense vegetation. Values less than 0.1 indicate no vegetation, e.g. barren area, rock, sand or snow. The value below 0 indicates the wet and water bodies [23] . NDVI images are re-classified into six land cover classes representing the forest, cropland, built-up land, waste and barren, agriculture and water bodies according to the above said standard values they represented in the images [9] .
where in NIR and RED indicate the spectral reflectance values in the near infrared and red band, respectively.
Normalised Difference Water Index
Normalised difference water index (NDWI) is derived using similar principles to the NDVI to enhance the spectral reflectance of surface water bodies from multispectral satellite images. Gao [6] has introduced the concept of NDWI using the following formula to assess the moisture content of the vegetation canopy.
where SWIR is the spectral reflectance values in the shortwave infrared band. McFeeters [17] has further modified NDWI to enhance the spectral reflectance of surface water bodies with the following formula,
The water bodies appear in brightest portions in the processed images. The resultant images are re-classified into the water and non-water class according to the spectral reflectance values. The classified image has been displayed as blue to represent water and all other categories assigned to no colour (Fig. 5) . This raster image then converted to a feature class to study the areal extent of the water bodies in the watershed.
Normalised Difference Built-up Index
Normalised difference built-up index (NDBI) has been used to map built-up areas. Built-up areas and barren land show a strong increment in their reflectance from NIR band to SWIR band while vegetation has a marginally larger or smaller DN value on SWIR band than on NIR band. The standardised differentiation of SWIR and NIR bands will result in close to 0 for vegetation, negative for water bodies but positive values for built-up pixels [26] . The processed NDBI image was then converted into a binary image. The resultant ratio was assigned a new value of 0 if the input pixel had a negative index or 254 if its input index was larger than 0. NDVI images are also recoded to create a binary image. Further subtraction of the recoded NDVI image from the recoded NDBI image will enhance only built-up and barren pixels are having positive values while all other covers have a value of 0 or negative value allowing built-up areas to be mapped automatically [9, 26] . The final difference image was transformed to vector data to overlay with the original image to evaluate the spatial accuracy (Fig. 5) . The derived built-up boundary is near close to the extent of the built area in the image.
Built up ¼ NDBI − NDVI ð5Þ 
Results and Discussion
The LULC change assessments are carried out for three decades based on multispectral images from the Landsat satellite series. Fourteen LULC classes are mapped up to level III classification system [19] . The statistical data of the whole LULC classes is presented in Table 2 . To determine the optimum number of classes and their interval from the processed image outputs of NDVI, NDBI and NDWI, trial and error method was adopted for all the temporal images [1, 9] . The classified image was found to be consistent with the original colour composite image. Verification has been assessed based on the precision of the land cover map derived from Landsat with ground truth points collected across the study area and representative of the individual land use classes. Field study and survey has made the final classified map as accurate, when the gap exists between the spectral mixing and confusing of one or more LULC class in the same indices. (Fig. 9) . The stacked bar graph is convenient and makes worthy to divide the categories of different LULC classes of three different year dataset with the percentage of changes in between each class and each year and with a total area of the watershed. In the case of urban pixels, the NDVI does not change significantly across the season since the land cover remains constant throughout. The forest land and double cropland have shown higher NDVI value. SOI toposheets utilised as a reference map for the preparation of LULC maps, individual LULC classes have been updated from the recent available images in Google Earth through the colour pattern and their appearance on the image.
Land Use and Land Cover Classes in 1994
The Landsat 5 TM multispectral image is used to map the LULC classes in the watershed. Three seasonal images are utilised to map different LULC classes present in the whole year (Fig. 1) . The built-up area was consistently less in 1994 (Fig. 5) . The urban feature occupied very less area in that year.
The fallow land has occupied a larger area in that year because of the less annual rainfall and poor agricultural activities.
Cropland appears large area in the Kharif season (Fig. 6 ).
Water body boundary occupied a larger area. The extracted 
Land Use and Land Cover Classes in 2000
The Landsat 7ETM+ multispectral image is used to map the LULC classes in the watershed (Fig. 2) . The built-up area showed the consistent increase in 2000. The urban feature in Chitradurga city and Challakere town showed an increase in the total urban land use. The fallow occupied a larger area in that year because of the variation in the annual rainfall. Cropland occupied in a large area in the Kharif and Rabi seasons (Fig. 7) . There is a slight decrease in the water body, which is evident from the built up extracted from the NDBI images, and water body extracted from NDWI images (Fig. 5) . The extracted built-up area and water body is overlaid on the layer stacked Landsat 7 ETM+ image to check the accuracy of the extracted features. The best result obtained from the extracted features. The forest greenery varies with the season. The forest appears dark red colour in Kharif and Rabi seasons and pale red colour in the summer months in the false colour composite images. The double crops occupied a larger area in that year. The command area is utilised to grow the vegetables.
Land Use and Land Cover Classes in 2014
The Landsat 8 OLI multispectral image is used to map the LULC classes in the watershed using three integrated indices (Fig. 3) . The detailed classified map is in Fig. 8 . The built-up area showed the consistent increase in 2014. The urban sprawl is prominent in the major cities and surrounding industrial estates. The built-up rural land also saw larger extend in the year (Fig. 5) . The industrial area also showed a larger extent in the year. The fallow land occupied a larger area in this year because of the variation in the annual rainfall and failure in the agricultural practice. Cropland appears a large area in the Kharif and Rabi seasons (Fig. 8) . The water bodies are consistently shown a drop in the total area because the periphery of the water body is encroached with agricultural activities (Fig. 5) . The extracted built-up area and water body is overlaid on the Google Earth image to check the accuracy of the extracted features. The best result has been obtained from the extracted features (Fig. 9 ).
Conclusions
The research work has demonstrated the effectiveness of the NDVI, NDBI and NDWI images to map the LULC classes in the watershed. These indices compress the satellite images and are easy to handle the data in an efficient manner. Regional LULC changes are necessary because it can enhance understanding of the complex interactions between human activities and global climatic change. The LULC changes in the watershed are mainly due to the variation in annual rainfall and the climatic parameters. The fertility of the soil is a main governing factor for agriculture and cropland activities. The availability of the surface and groundwater source is also the major resource controlling the sustainable development of the watershed. The major changes are seen in the cropland, fallow land, forest land, water bodies and built-up land. The fallow land got converted to built-up land due to the increase in the population density. The variation in the annual rainfall and decreased soil fertility tends the croplands to convert as fallow land. Increased surface runoff and soil erosion have changed the cropland to fallow land. The surface runoff and the soil erosion in the upstream area is a major reason for the landfill in the downstream regions. The sustainable land and water management practices in the upstream region enhance the LULC classes in the downstream region.
